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ABSTRACT

Purpose/Background: Hip abduction strengthening exercises may be critical in the prevention and reha-
bilitation of both overuse and traumatic injuries where knee frontal plane alignment is considered to be
important. The purpose of the current investigation was to examine the muscular activation of the gluteus
maximus and gluteus medius during the double-leg squat (DLS), single-leg squat (SLS), or front step-up
(FSU), and the same exercises when an added load was used to pull the knee medially.

Methods: Eighteen healthy females (ages 18-26) performed six exercises: DLS, DLS with load, FSU, FSU
with load, SLS, and SLS with load. Integrated and peak surface electromyography of gluteus maximus and
gluteus medius of the dominant leg were recorded and normalized. Motion analysis was used to measure
knee abduction angle during each exercise.

Results: SLS had the highest integrated and peak activation for both muscles, regardless of load. Adding
load, only increased DLS integrated gluteus maximus activation (p=0.019). Load did not increase inte-
grated gluteus medius or peak gluteus maximus activation. Adding load decreased SLS peak gluteus medius
activation (p=0.003). Adding load increased peak knee abduction angle during DLS (p=0.013), FSU
(p=0.000), and SLS (p=0.011).

Conclusions: Overall, the SLS was most effective exercise for activating the gluteus maximus and gluteus
medius. Applied knee load does not appear to increase muscle activation during SLS and FSU. DLS with an
applied load may be more beneficial in activating the gluteus maximus. Overall, the use of applied loads
appears to promote poorer musculoskeletal alignment in terms of peak knee valgus angle.

Level of Evidence: 3
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INTRODUCTION

Maintaining frontal plane knee alignment during
strengthening and neuromuscular training exercises
may be important in the prevention and rehabilita-
tion of both overuse and traumatic injuries. Hip
abduction strengthening exercises are often utilized
in lower extremity rehabilitation programs since they
have functional implications in activities of daily liv-
ing' and may facilitate positive outcomes for hip inju-
ries and in knee dysfunction.*® Hewett et al.* reported
that a six week strength, flexibility, and neuromuscu-
lar training program emphasizing the hip muscula-
ture resulted in a decreased incidence of knee injuries
in female athletes over a single playing season.

During weight bearing activities, the combination of
ground reaction forces, ligamentous forces, and mus-
cular/tendon forces throughout all lower extremity
(LE) joints are interrelated; therefore, abnormal/
excessive stress, inefficient neuromuscular patterns,
or muscular weakness at one joint may have an effect
on the entire LE kinetic chain. With these combined
effects influencing the LE kinetic chain, hip and ankle
kinetics and kinematics during weight bearing activi-
ties may have a direct impact on knee biomechanics
and thus, relate to knee injury risk.>® Heinert et al.’
reported that females with decreased hip abductor
strength demonstrated a greater peak knee abduction
angle during stance phase of treadmill running when
compared to females with greater hip abductor
strength. Hip strength also influences landing mechan-
ics. Lawrence et al.”’ reported that female subjects
with greater strength in the hip external rotators dem-
onstrated lower vertical ground reaction forces during
single-leg landings when compared to females with
weak hip external rotators. These authors also reported
a decrease in external knee valgus moments during
landing. Leetun et al" reported that athletes who sus-
tained lower extremity injury had weaker hip abduc-
tion and external rotation strength than athletes who
were uninjured, when strength was measured before
the injury occurred. Hip external rotation strength
was significantly reduced by 15% for athletes who sus-
tained a lower extremity injury in their investigation.
In addition, Jaramillo et al.'” reported greater weak-
ness in both peak and endurance force in the ipsilat-
eral flexors/extensors and abductors/adductors of the
hip musculature of the injured extremity following
knee surgery.

Hip abduction strengthening exercises used in exer-
cise include both weight bearing (closed kinetic
chain) and non weight bearing (open kinetic chain)
activities. These may include sidelying or standing
hip abduction and other single-leg standing (SLS)
exercises, such as squats, lateral step downs, pro-
prioceptive training, and plyometric activities. SLS
activities require hip abductor muscle activation of
the weight-bearing side in order to control pelvic
positioning in the frontal plane during the exer-
cise."®" Other weight bearing exercises include
double-leg and single-leg squats, leg press, forward
and lateral lunges, and step-ups. Performing these
exercises with proper biomechanics may improve
hip muscle recruitment and force production of the
extensors and abductors during functional and sports
specific movements.” Weight bearing exercises are
generally favored because they better replicate func-
tional and athletic movements as compared to non
weight bearing exercises.”!'>!°

Hip abductor strengthening has been described as
an important intervention in individuals with knee
pain.''® Several authors describe the activation of
gluteus maximus and gluteus minimus during spe-
cific exercises"'*'*1” as well as gluteus maximus and
gluteus medius activation during stepping, squatting
activities, and lunges.'*'* Presently, the authors of
this paper are not aware of research that has identi-
fied how the activity of these muscles is altered
when a frontal plane load is applied to the knee dur-
ing stepping and squatting exercises. Therefore, the
primary purpose of this study was to determine
which of three exercises (double-leg squat, single-leg
squat, or front step-up) was most effective in facili-
tating hip muscle activation while maintaining a
more neutral varus/valgus knee frontal plane align-
ment in healthy female subjects. A secondary objec-
tive was to determine how added medial pull on the
knee during these exercises altered the magnitude
of gluteus maximus and gluteus medius activation
while enabling the maintenance of neutral varus/
valgus knee alignment during the task.

METHODS

A repeated measures study design was used. The
independent variables included the exercise (double-
leg squat, single-leg squat, or front step-up) and
the medial or unloaded condition. The dependent
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variables were the integrated percentage of the max-
imal voluntary isometric contraction (% MVIC*s),
peak %MVIC, and peak knee abduction angle dur-
ing exercise.

Eighteen healthy females between the ages 18-26
years (average age 22.3 years, SD 2.3) with an aver-
age height 166.82 cm (SD 9.2) and average weight
61.1 kg (SD 7.1) were recruited to participate in this
study. Inclusion criteria were that participants had
no current injuries or pain in their lower extremi-
ties. Injury was defined as an event that occurred
during athletic participation that required treatment
or required refraining from participation for at least
one day. Participants also reported no history of sur-
gical intervention of the spine or lower extremities
that may have influenced the data. The dominant
leg was determined by asking the subject which leg
she would use to kick a soccer ball.'® Each subject’s
height, weight, leg length were recorded. Before par-
ticipating, subjects were informed of possible risks
and signed an informed consent form approved by
the University institutional review board.

Eight Eagle high speed video cameras (Motion Anal-
ysis Corp., Santa Rosa California) were positioned
around the laboratory such that at least two cameras
could identify and track each retroreflective marker
placed on the subject. Three markers placed on rigid
shells were strapped to the dominant thigh and
shank (Figure 1). A static neutral standing trial was
used to identify joint centers of the knee and ankle
by anatomical markers on the medial and lateral
condyles and malleoli. Ankle and knee centers were
determined by taking half the distance between the
medial and lateral markers. The hip joint center was
determined based on markers placed on the greater
trochanters of the femur, and 25% of the horizontal
distance from the tested leg was used to calculate
this location.'® All video from the cameras and ana-
log data from the force platform measures were col-
lected (120 Hz for video and 1200 Hz for analog)
using Eva 6.4 (Motion Analysis Corp.) and stored on
a personal computer. All marker data were identi-
fied and exported to the Motion Monitor Software
(Version 7.0, Innovative Sports Training, Chicago,
IL) to create the rigid bodies of the thigh and shank.
All data were smoothed using a low pass Butterworth
recursive (fourth order) at eight Hz based on the

Figure 1. Participant shown with marker set used for motion
capture. Rigid shells with retroreflective markers were placed
on the thigh and shank to measure peak movement of the
varus/valgus knee motion during each exercise.

frequency content of the data. Knee abduction angles
were determined from the thigh and shank coordi-
nate data.’

Surface electromyography (EMG) recordings were
collected from two muscles of the dominant leg of
each subject, the gluteus medius and gluteus maxi-
mus, using the landmarks described by Cram et al.'
Before placement of the surface electrodes on the
subject, the skin was prepared by abrading the skin
with sandpaper and cleansing the skin with alcohol
to reduce skin impedance. EMG data were captured
at 960 Hz using the Data Pac 2K2 acquisition soft-
ware (Run Technologies, Version 3, Mission Viejo,
CA, USA). Delsys DE2.1 surface electrodes and a
Bagnoli 8 amplifier (Delsys, Inc, Boston, MA, USA)
interfaced with a second PC. The system bandwidth
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was 20-450 Hz with a gain of 1000. Electrode place-
ments were based on those used by Cram et al.'
Data were high pass filtered using a 4™ order Butter-
worth recursive filter at 30 Hz, rectified and low pass
filtered with a 4™ order Butterworth recursive filter
at 6 Hz.** EMG data were collected using DataPac
2k2 (Run Technologies, Mission Viejo, CA) and inte-
grated over the duration of each exercise trial using
a customized Matlab program (The Mathworks, Inc.,
Natick, Massachusetts). Integrating the individual
EMG signals serves to determine the net activation
required by the muscles involved in the task by
determining the area under the processed curves.
The data were normalized to the % MVIC to allow
for comparison between subjects.

During these exercises, EMG data was synchronized
with video data by using a force platform interfaced
with both the EMG and the motion analysis system
on each computer. The subject was instructed to
perform each exercise stepping onto and off of the
force platform. Data based on a portion of the partic-
ipant’s body weight based on the vertical ground
reaction force (increase of greater than 5%) was used
to determine when movement began on both record-
ing systems. The force platform loading and unload-
ing events served as a point of synchronization
between systems.

After the surface electrodes were attached to the
subject, the subject performed three maximal volun-
tary isometric contractions (MVIC) for each mus-
cle.? An investigator applied manual resistance for
the MVIC which were held for five seconds. To obtain
the MVIC for the gluteus maximus, the subject was
placed in a prone position with the knee flexed to
approximately 90 degrees and asked to maximally
extend the hip. To obtain the MVIC for the gluteus
medius, the subject was placed in a side-lying posi-
tion with the hip in a neutral position and asked to
maximally abduct the hip while maintaining the
lower extremity in the frontal plane. All subsequent
EMG recordings were normalized to the MVIC and
were reported as a percent of MVIC.

After the MVIC data were collected, the retroreflec-
tive markers were placed on the subject. After collec-
tion of the static, anatomical neutral motion capture file
to identify the location of the joint centers for the ankle
and hip, the investigator then provided instruction

for how each exercise would be performed. The sub-
ject performed the following six exercise activities
in a randomized order: double-leg squat (Figure 2),
double-leg squat with lateral resistance via a green
resistance band applied at the knee (Theraband,
Hygenic Corp, Akron, Ohio) tied in a 30 cm loop and
applied around both LE’s (Figure 3), front step-up
(Figure 4), front step-up with an applied resistance
via a cable column pulling horizontally in a medial
direction (Figure 5), single-leg squat (Figure 6), and
single-leg squat with resistance via a cable column
pulling horizontally in a medial direction (Figure 7).
The subject was allowed to practice each exercise
several times before data were collected. Five repeti-
tions of each exercise were performed and used for
simultaneous EMG and motion analysis data collec-
tion. Between each repetition was a 10-15 second rest
interval and between each exercise was a 45-60 second
rest interval. The level of applied resistance for the

Figure 2. Participant performing a double-leg squat exercise.
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Figure 3. Participant performing a double-leg squat exercise
with medial knee resistance via a rvesistance band. Arrow
depicts direction of pull on the knee.

front step-up and single-leg squat was set to 15% of
the subject’'s body weight. This weight was estab-
lished after a pilot investigation of 5 subjects not
involved in this study. It was determined that this
weight would provide ample force without disturbing
the subjects ability to perform the desired maneuver.
The cable with the weight stack resistance was cre-
ated specifically for this investigation such that the
pull of the cable could be raised or lowered such that
the line of pull was perpendicular to the limb. Each
exercise was performed to the beat of a metronome
set at 40 beats per minute where beat 1 initiated the
repetition, beat two marked the mid-point between
the concentric and eccentric phases, and beat three
marked the end of the repetition. One full repetition
lasted three-seconds in duration. Each subject was
allowed to use a vertical pole to maintain balance on
the side being tested. The subjects were monitored
by visually observing for excessive trunk lean toward

Figure 4. Participant performing a front step-up exercise.

the pole to ensure that significant weightbearing did
not occur through the upper extremity holding onto
the pole. Other authors have utilized a similar proto-
col during their data collection to maintain balance.'?
The subjects were encouraged to maintain their knee
over their ankle during each exercise. They were also
given verbal cues to maintain an upright and vertical
position of the head and trunk. The average normal-
ized integrated EMG, peak EMG activity and peak
knee valgus angle from five trials were used for sta-
tistical analysis.

STATISTICAL ANALYSIS

A two way analysis of variance with repeated mea-
sures using two within subject factors (exercise:
double-leg squat, single-leg squat, front step-up; and
with or without an applied load to the knee) was uti-
lized. These were run separately on the average nor-
malized integrated gluteus maximus and gluteus
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Figure 5. Participant performing a front step up exercise
with an applied resistance to the knee via a cable column.
Arrow depicts direction of pull on the knee.

medius activity, average peak normalized gluteus
maximus and gluteus medius activity and the peak
knee valgus angle. Alpha for all statistical tests was
chosen, apriori to be 0.05. Post-hoc comparisons
were performed as warranted by running pairwise
t-tests using the Bonferoni procedure.

RESULTS

Muscle activation of gluteus maximus and gluteus
medius were monitored during three exercises: double-
leg squat, single-leg squat, and step-up for two con-
ditions (with and without an applied load to the
knee). Table 1 depicts the integrated gluteus maxi-
mus activation during these exercises with and with-
out an applied load to the knee. There was a
statistically significant difference in muscle activa-
tion between the three exercises (double-leg squat,
single-leg squat, and step-up) for gluteus maximus

Figure 6. Participant performing a single-leg squat exercise.

(p=0.000). The application of an applied load did
not change the amount of integrated activation across
all exercises for the gluteus maximus (p=0.550).
There was an exercise by applied load interaction for
the gluteus maximus (p=0.017) indicating that the
presence of the load did influence the integrated
muscle activation among the three exercises. When
an applied load was added to the double-leg squat,
gluteus maximus activation increased by 6%
MVIC*sec (p=0.019). When an applied load was
added to the step-up and single-leg squat gluteus
maximus activation decreased by 2% MVIC*sec and
7.4% MVIC*sec, respectively. However, this change
in muscle activation was not large enough to be con-
sidered significant for either the step-up (p=0.598)
or the single-leg squat (p=0.053).

The integrated gluteus medius activation during the
exercises with and without an applied load to the
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Figure 7. Participant performing a single-leg squat exercise
with an applied resistance to the knee via a cable attached to
a weight stack. Arrow depicts direction of pull on the knee.

Table 1. Two-way analysis of variance results and means

(SD) for integrated gluteus maximus electromyography (EMG)
during exercises with and without an applied load to the knee.

Main Effect of Exercise (Double-Leg Squat, Step-Up, Single-Leg Squat) p = 0.000
Main Effect of Load (No Applied Load, Applied Load) p = 0.550
Interaction Effect of Exercise and Load p =0.017

Exercise Type No Applied Load Applied Knee Load ~ Exercise Main Effect

Mean (SD) Mean (SD) Mean (SD)

Double Leg Squat 21.7 (15.8) 27.7(20.3) 24.7 (18.1)

Step-Up 36.4 (18.6) 34.4(11.6) 354 (15.1)

Single Leg Squat 474 (21.2) 40.0 (17.6) 43.7(19.4)
Load Main Effect 352(18.5) 34.0 (16.5)

Mean (SD)

*Note: Data are expressed as a percentage of maximum voluntary isometric contraction (% MVIC * sec).

knee is depicted in Table 2. There was also a statisti-
cally significant difference in normalized integrated
muscle activation across the three exercises (double-

Table 2. Two-way analysis of variance results and means

(SD) for integrated gluteus medius electromyography (EMG)
during exercises with and without an applied load to the knee.

Main Effect of Exercise (Double-Leg Squat, Step-Up, Single-Leg Squat) p = 0.000
Main Effect of Load (No Applied Load, Applied Load) p = 0.019
Interaction Effect of Exercise and Load p = 0.001

Exercise Type No Applied Load Applied Knee Load Exercise Main Effect

Mean (SD) Mean (SD) Mean (SD)

Double Leg Squat 20.8 (14.7) 23.7(16.3) 22.5(15.5)

Step-Up 48.2(20.4) 45.2(21.7) 46.7 (21.1)

Single Leg Squat 65.6 (23.8) 53.7 (27.6) 59.7(25.7)
Load Main Effect 44.9 (19.6) 40.9 (21.9)

Mean (SD)

*Note: Data are expressed as a percentage of maximum voluntary isometric contraction (% MVIC * sec) |

leg squat, single-leg squat, and step-up) for gluteus
medius (p=0.000) as well as a change in the normal-
ized integrated activation across all exercises with
the application of a valgus load (p=0.019). There
was an exercise by applied load interaction indicat-
ing that the presence of load did influence normal-
ized integrated muscle activation among the three
exercises for gluteus medius (p=0.001). When an
applied load was added to the double-leg squat, the
normalized integrated gluteus medius activation
increased non-significantly, orbyonly 2.9% MVIC*sec
(p=0.112). The application of an applied load to the
step-up decreased the amount of integrated gluteus
medius activation non-significantly by 3.0% MVIC*sec
(p=0.223). When an applied load was added to the
single-leg squat, there was a significant 11.9%
MVIC*sec decrease in the integrated gluteus medius
activation (p=0.002).

Table 3 depicts the peak gluteus maximus activity
during the exercises with and without an applied
load. When examining average peak normalized
muscle activation, there was a significant difference
in activation across the three exercises for gluteus
maximus (p=0.000). There was also a change in the
average peak normalized gluteus maximus activa-
tion across all exercises with the application of the
load (p=0.042). Follow up pairwise comparisons
tests showed there was no difference between the
means for any of the three exercises with or without
load (p>0.05). There was no exercise by load inter-
action for the average peak normalized gluteus max-
imus activation (p>0.05).
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Table 3. Two-way analysis of variance results and means
(SD) for peak gluteus maximus electromyography (EMG)

during three different exercises with and without an applied
load to the knee.

Main Effect of Exercise (Double-Leg Squat, Step-Up, Single-Leg Squat) p = 0.000
Main Effect of Load (No Applied Load, Applied Load) p = 0.042
Interaction Effect of Exercise and Load p = 0.087

Exercise Type No Applied Load Applied Knee Load ~ Exercise Main Effect

Mean (SD) Mean (SD) Mean (SD)

Double Leg Squat 22.0(16.6) 25.8(18.7) 23.9(17.7)

Step-Up 33.5(13.4) 37.8(11.4) 35.7(12.4)

Single Leg Squat 40.5 (16.8) 36.7(11.2) 38.6 (14.0)
Load Main Effect 32.0 (15.6) 33.4(13.8)

Mean (SD)

*Note: Data are expressed as a percentage of maximum voluntary isometric contraction (% MVIC).

The average normalized peak gluteus medius activa-
tion during the exercises with and without a load is
provided in Table 4. Examining average peak normal-
ized muscle activation, there was a significant differ-
ence across the three exercises for gluteus medius
(p=0.000). There was also exercise by applied load
interaction in the average peak normalized gluteus
maximus activation (p=0.019) indicating that the
load influenced the peak activation among the three
exercises. There was an exercise by load interaction
for average peak gluteus medius activation (p=0.026).
With the addition of the load to the single-leg squat,
there was a 7.5% MVIC decrease in peak activation
for the gluteus medius (p=0.003). There was no
significant change in the average normalized peak

Table 4. Two-way analysis of variance results and means

(SD) for peak gluteus medius electromyography (EMG) during
exercises with and without an applied load to the knee.

Main Effect of Exercise (Double-Leg Squat, Step-Up, Single-Leg Squat) p = 0.000
Main Effect of Load (No Applied Load, Applied Load) p = 0.019
Interaction Effect of Exercise and Load p = 0.026
Exercise Type No Applied Load Applied Knee Load  Exercise Main Effect
Mean (SD) Mean (SD) Mean (SD)
Double Leg Squat 17.6 (10.4) 18.7(11.1) 18.2 (10.8)
Step-Up 43.5(14.4) 43.8(20.1) 43.7(17.3)
Single Leg Squat 47.5(13.2) 40.0 (13.8) 43.8(13.5)
Load Main Effect 36.2(12.7) 34.2 (15.0)
Mean (SD)
*Note: Data are expressed as a percentage of maximum voluntary isometric contraction (% MVIC).

Table 5. Two-way analysis of variance vesults and means

(SD) for peak knee abduction angles (degrees) during exercises
with and without an applied load to the knee.

Main Effect of Exercise (Double-Leg Squat, Step-Up, Single-Leg Squat) p = 0.011
Main Effect of Load (No Applied Load, Applied Load) p = 0.000
Interaction Effect of Exercise and Load p = 0.016

Exercise Type No Applied Load Applied Knee Load Exercise Main Effect

Mean (SD) Mean (SD) Mean (SD)

Double Leg Squat -4.1(3.5) -6.0 (2.6) -5.1(3.1)

Step-Up -4.2(3.8) -10.2(2.9) -7.2(3.4)

Single Leg Squat -5.6 (4.0) -9.2(3.5) -7.4 (3.8)
Load Main Effect -4.6 (3.8) -8.5(3.0)

Mean (SD)

*Note: Data are expressed in degrees. Negative numbers depict knee abduction or valgus angles
and positive numbers represent knee adduction or varus angles.

activation of the gluteus medius during the front step-
up (p=0.924) or double-leg squat (p=0.560) with the
addition of a load.

Table 5 depicts the significant difference in peak knee
abduction anglesbetween the three exercises (p=0.011)
which occurred between conditions with or without a
medial pull applied to the knee (p=0.000). There was
an interaction between the exercise and applied load
on the amount of knee abduction (p=0.016). When
the load was added, there was an increased knee
abduction angle demonstrated across all three exer-
cises. With the load applied, the peak knee abduction
angle increased by 1.9° during the double-leg squat
(p=0.013), 6° during the step-up (p=0.000), and 3.9°
during the single-leg squat (p=0.011), each of which
was a significant increase.

DISCUSSION

The researchers examined the average normalized
peak and integrated EMG activation of the gluteus
maximus and gluteus medius during three different
LE exercises (double-leg squat, single-leg squat, and
step-up) under two separate conditions (with and
without a load pulling the knee in a medial direc-
tion). The single-leg squat had the highest integrated
activation for both gluteus maximus (47.4% MVIC*s)
and gluteus medius (65.6 %MVIC*s), regardless of
whether a load was applied. Therefore, the results of
this study suggest that the single-leg squat may be
the most effective of the three exercises for activat-
ing gluteus maximus and gluteus medius.
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Normalized average peak activation was also assessed
to determine which of the three exercises would be
most beneficial for strengthening gluteus maximus
and gluteus medius. Ekstrom et al.?> reported that a
peak activation of 45%-50% of MVIC was required to
strengthen trunk, hip, and thigh musculature. Ander-
sen et al.? indicated that an adaptive threshold of
40% to 60% of maximal effort is needed for strength-
ening the lower extremity musculature during ther-
apeutic exercise. When viewed in the context of the
current investigation, these suggestions indicate that
the single-leg squat without the medial pull may be
the only LE exercise to achieve this activation per-
centage in gluteus maximus (40.5% MVIC). For the
gluteus medius, the step-up (43.5% MVIC), step-up
with applied load (43.8% MVIC), single-leg squat
(47.5% MVIC), and the single-leg squat with applied
load (40.0% MVIC) all reached this adaptive thresh-
old for muscle strengthening. Overall, the single-leg
squat reached the adaptive threshold for strengthen-
ing in both muscles, with the highest normalized
activation percentage of all the exercises tested.

Although the front step-up exercise for the gluteus
maximus and the double-leg squat for both gluteus
maximus and medius did not reach the adaptive
threshold for strengthening, they may still be con-
sidered for use in muscle endurance training. Souza
and Powers* reported that women with patellofem-
oral pain (PFP) had significantly greater hip internal
rotation during running (p < 0.001), decreased hip
muscle strength in eight of ten hip strength mea-
surements (p < 0.05), and decreased hip extension
isotonic endurance (p <0.05) when compared to a
control group. Of the hip muscle performance tests,
isotonic hip extension endurance was the best pre-
dictor (p = 0.004, r = —-0.451) of average hip internal
rotation motion during running. These findings may
support the use of muscular endurance training in
rehabilitation of those with PFP. As the gluteus maxi-
mus is the primary extensor and external rotator of
the hip, poor gluteus maximus endurance may result
in decreased ability to control transverse plane
motions of the lower extremity during sustained
weight bearing activities. Therefore, exercises that
target the gluteus maximus may be useful in endur-
ance training protocols for the hip in rehabilitation
and prevention of injury.

A secondary goal of this study was to determine if an
added load increased the activation of the tested hip
muscles. Although the double-leg squat achieved the
lowest integrated activation, using a resistance band
to add apply a medial pull to the knees increased inte-
grated muscle activation by 6% MVIC*sec. The val-
gus load increased knee abduction by 1.9 degrees due
to the applied medial pull, which the authors suspect
is not large enough to be deleterious for those who
perform this exercise. This medial pull was greater
than the standing reference angle based on the static
neutral trial obtained during testing prior to the
dynamic movement trials. Certainly, if the addition
of a medial pull during a double-leg squat is provoca-
tive of pain, professionals should consider removing
or reducing this load. Although the double-leg squat
resulted in lower muscle activation than single-leg
exercises, the addition ofload while completing squats
may be indicated in a population with reduced
strength of the hip extensors and abductors.

While the addition of an applied load increased the
amount of integrated muscle activation during the
double-leg squat, this was not the case in the single
leg stance exercises. Both the single-leg squat and the
step-up exercise showed a decreased integrated mus-
cle activation and an increased knee abduction angle
when the load was applied. In the single-leg squat,
integrated muscle activation of the gluteus medius
decreased by 11.9% MVIC*sec indicating that adding
the load from the cable column did not provide cue-
ing to prompt greater integrated muscle activation in
order to resist knee abduction. This may indicate
that the subjects compensated for the applied load
with means other than increasing their integrated
gluteus maximus and gluteus medius activation such
as trunk movement and weight shifting over their
stance leg. The results during single leg squat activi-
ties with added load may also indicate that the 15%
of the participant’s body weight applied by the cable
column may have been too large to resist during the
single-leg squat and front step-up. It is possible that a
smaller applied load may be sufficient for eliciting
enhanced muscle activation while maintaining appro-
priate knee abduction during the exercise.

The data from this investigation may also be used to
identify those exercises that activate the gluteus
maximus and gluteus medius and promote knee
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abduction alignment. Greater muscle activation at
the hip may help in achieving safer knee mechanics
during functional and athletic movements. Once
exercises that are effective in increasing muscle acti-
vation and strength at the hip are identified, they
may be employed to improve training programs for
reducing knee injury risks caused by athletic move-
ments that involve large amounts of deceleration
such as landing, and cutting.”?>%

Research suggests that the combination of hip adduc-
tion and internal rotation® along with inadequate or
abnormal neuromuscular control of lower extremity
biomechanics are factors related to the ACL-injury
mechanism.*®?2% Other studies have also estab-
lished that increased knee abduction, caused by hip
adduction and internal rotation, increases ACL
strain.?3* Weakness in the gluteus maximus and
gluteus medius may predispose an individual to
increased knee valgus since the gluteus maximus
functions as a powerful hip extensor, external rota-
tor and abductor.®* The gluteus medius also func-
tions as a hip abductor and external rotator.?

Other knee overuse pathologies may also be related
to decreased hip abductor strength. Fredericson
et al* reported that runners with iliotibial band syn-
drome (ITBS) exhibited weaker hip abductor strength
on their affected side compared to their unaffected
side. They reported that improving hip abductor
strength resulted in a decrease in ITBS symptoms.
Females with PFP have also been reported to have
weaker hip abductors, extensors, and external rota-
tors as compared to age-matched controls.?**
Strengthening these muscles resulted in a significant
improvement of PFP, lower extremity kinematics,
and a return to activity.

As the gluteus maximus and gluteus medius are both
involved in frontal plane knee alignment and have
been shown to be connected to ACL injuries, ITBS,
and PFP, strengthening of these muscles becomes a
primary goal in both the prevention and rehabilita-
tion of these injuries. The results of the current study
indicate that the single leg squat may be the most
effective exercise, of those tested in this investiga-
tion, for activating the hip abductors and extensors.

There are several limitations present in this study.
Researchers chose to utilize surface EMG rather than

the use of fine wire techniques to quantify the acti-
vation of the tested muscles. Surface EMG was cho-
sen since it may be able to better reflect the gross
muscle activation of these muscles for a study of
their function during exercise.®® The use of young,
healthy volunteers as subjects limits the ability to
apply these results to patients recovering from injury;
however, using healthy subjects supports the use of
these exercises for the prevention of ACL injuries.
While subjects were allowed to use a pole for balance
during single leg stance activities, this may not have
been sufficient to prevent changes in trunk position,
therfore allowing participants to lean or shift their
weight within their base of support. The pole was
used on the side of weight bearing LE in this investi-
gation. This use could have artificially changed the
activation state of the hip musculature due to the
additional stabilizing moment added to the hip.*”
Also, trunk lean and pelvis positioning could have
influenced the magnitude of muscle activation. Bolga
and Uhl' described how trunk lean and resultant
pelvis positioning toward the weight bearing side
could influence the external moment due to the
upper body reducing the demands of the hip abduc-
tors during exercise. Better experimental control for
trunk and pelvis position may be warranted in future
investigations on this topic. This control, however,
limits the applicability of the results in a clinical set-
ting as there would likely be less control over trunk
position.

Another limitation was the use of a metronome.
Using a metronome requires the subjects to move at
a speed that may not be typical during daily activi-
ties. At a non-controlled speed, the frontal plane
angle and gluteus maximus and medius activation
may have been different, which may limit the appli-
cation to a clinical setting.

Further research is needed to validate these findings
and to analyze the effect of other strengthening exer-
cises in activating the gluteus maximus and gluteus
medius used in exercise programs and clinical prac-
tice. Research in the use of lower resistance loads
applied at the knee may also be beneficial to deter-
mine if lower loads result in higher hip muscle acti-
vation levels with less trunk compensation. An
alternative method may be to add a load to the con-
tralateral side to increase muscle activation in the
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weight bearing leg. This approach was demonstrated
by Neumann et al.*’ who reported an increase in
EMG activation of the hip abductors during the
stance phase of gait when carrying a load in the con-
tralateral hand.

The results of the current study demonstrate that
the use of exercises with applied load to the knee as
supplied in this study may not increase the inte-
grated or peak muscle activation of the gluteus max-
imus and gluteus medius during single-leg squat and
step-up. However, the double-leg squat exercise with
an applied load provided by a resistance band may
be more beneficial than the same exercise performed
without the band. The single leg squat achieved the
highest integrated and peak activation of the gluteus
maximus and gluteus medius of the three exercises
examined.
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